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Pseudorabies virus (PRV) is an alphaherpesvirus. 7 The natural host and main reservoir for PRV is swine. Following an acute infection, the viral genome persists in the animal in the latent form, which can be induced spontaneously or experimentally to initiate a productive infection. With renewed production and shedding of infectious virus, PRV is transmitted from animal to animal and persists in the swine population. Little is known about the mechanisms by which PRV establishes, maintains, or reactivates from the latent state.
The preferred sites of PRV latency are neurons in the trigeminal ganglia. 16 Viral transcription during this time is restricted, 3, 8, 13, 14 and a 8.5-kb polyadenylated RNA, designated the large latency transcript (LLT), has been described. 4 The latency gene encoding the spliced LLT, which spans approximately 13.6 kb, is transcribed in the opposite orientation with respect to 2 lytic genes: immediate-early (IE180) and early protein O (EPO). LLT traverses most of the EPO gene and the entire IE180 gene copy, which is located in the internal repeat.
A PRV mutant (ELß) with deletions in both the EPO and latency genes derived from the virulent Indiana-Funkhauser (InFh) virus has been generated.6 The 800-bp StuI-NcoI fragment of BamHI-P was replaced by the Escherichia coli ßgalactosidase gene under the control of the PRV gX gene promoter. In comparison with the parent virus, ELß grows poorly in tissue culture cells and in swine. 6 However, ELß is capable of inducing protective immunity in neonatal piglets against a lethal PRV challenge. 18 In this report, experiments were carried out to examine the viral DNA content in trigeminal ganglion tissues and the reactivation capability of ELß from latency in swine.
Two groups of 8 4-week-old PRV seronegative pigs were infected with ELß (R group) or InFh (F group). InFh replicated more extensively than ELß and 2 of the InFh-infected swine (F5, F6) died 6 days postinfection (Table 1) . DNA extracted from the trigeminal ganglia of infected swine was subjected to polymerase chain reaction (PCR) 12 assay to estimate the amount of PRV DNA present. Total cellular DNA from trigeminal ganglia of PRV-infected animals was isolated as previously described. 10 DNA samples (1 µg) from reconstrutted controls or experimental samples were amplified by Table 1 . Four-week-old swine were infected with 1.4 x 10 6 PFU/ nostril of ELß or InFh PRV. Presence of virus was determined by plaque assay of nasal swab samples. Dexamethasone was administered in an attempt to reactivate the virus. ELß-infected (R group) and InFh-infected (F group) animals are indicated. C. PCR products from 5-day-old pigs. Pigs 9, 10, 11, and 12 were infected with ELß and identified on top of each lane. Pig I was exposed to ELß and InFh viruses.
the hot start version of the polymerase chain reaction (PCR) according to the manufacturer's specification. a The conditions for amplification were 96 C for 2 min, then various number of cycles of 96 C (1 minute), 60 C (1 minute), 72 C (1 minute), and 72 C (7 minutes). At the specified amplification cycle, 10% of the PCR products was removed and electrophoresed in a 1% agarose gel. Reconstructed standards that contained carrier salmon sperm DNA spiked with specific amounts of InFh DNA were amplified alongside DNA isolated from trigeminal ganglia of infected animals. By controlling the number of cycles during PCR amplification, the amount of PRV genomes present can be estimated when PRV-specific products appear simultaneously in the reconstituted standards and trigeminal ganglion samples. The experimental conditions used were capable of detecting 2 x 10 3 PRV genome equivalent at 40 amplification cycles, 2 x 10 2 genome equivalent at 50 amplification cycles, and 20 genome equivalent at 60 amplification cycles in a reaction containing 1 µg of DNA (Fig. 1A) . The oligonucleotide primer set used (5' GACAACGAGCTCCTCATCT and 5' GA-CATGTACCGGATCATGTC) was derived from the glycoprotein gB gene of PRV, and the product is 664 bp long. 5, 15 Specificity of the PCR product was determined by Southern blot 17 hybridization with a 20-mer oligonucleotide (5' TTGAGCGTCTTCGTCGTGAC) internal to the primer set. In this experiment, the results from trigeminal ganglia of acutely infected animals indicated that PRV DNA was not detected on day 1 (pigs R8, F8), but comparable amounts of ELß or InFh DNA were detected on day 2 (pigs R7, F7) at 50 and 60 amplification cycles. PRV DNA was detected at 40 amplification cycles in pigs euthanized on day 4 (R1, F1) and pigs that died on day 6 (F5, F6) ( Fig. 1B) .
The remaining pigs were monitored periodically for the presence of infectious PRV in the nasal and pharyngeal areas by conducting plaque assays 3 on swab samples, and no virus was found. On day 79, dexamethasone was administered to the pigs for 5 consecutive days. This procedure has been very effective in reactivating PRV from swine previously exposed to the virus. 11 Nasal and pharyngeal swabs were taken and examined for the presence of PRV upon dexamethasone induction. Whereas variable durations and amounts of virus were recovered from the 3 F-group animals (F2, F3, F4), no virus was recovered from the 5 R-group animals (R2, R3, R4, R5, R6) (Table 1) . For the remainder of the experiment, all the animals were free of infectious PRV. The trigeminal ganglia of the swine were examined again by PCR 43 days after dexamethasone treatment. Whereas viral DNA was detected in 3 of 3 F-group animals, none was detected in the R-group animals ( Fig. 1 B, Table 1 ) at 40 amplification cycles. At 50 and 60 amplification cycles, ELß DNA was detected in 3 of 5 and 4 of 5 R-group animals, respectively, A second experiment was carried out with younger pigs, which are more susceptible to PRV. Four 5-day-old piglets were exposed to ELß (5 x 10 5 plaque-forming units [PFU]/ nostril), and as expected varying degrees of clinical symptoms were observed (Table 2) . Except for some modifications in the time schedule, the rest of the protocol for examining PRV latency was the same as described for the older pigs. ELß Table 2 . Five-day-old piglets were infected with 5 x 10 5 PFU/ nostril of ELß virus (nos. 9-12) or exposed to ELß (5 x 10 3 PFU/ nostril) and InFh (1 x 10 7 PFU/nostril) PRV. Dexamethasone was adminstered in an attempt to reactivate the virus.
DNA was detected in 3 of 4 animals at 40 amplification cycles and in 4 of 4 animals at 50 and 60 amplification cycles ( Fig. lC, Table 2 ). Infectious ELß virus was not reactivated from any of the 4 animals, although the same dexamethasone treatment successfully reactivated virus from InFh-infected pig I of identical age. Pig I was used to monitor the efficacy of dexamethasone-induced reactivation. This 5-day-old pig was exposed to 5 x 10 3 PFU ELß per nostril and then challenged with 1 x 10 7 PFU InFh at 17 days postinfection; 5-day-old pigs do not survive InFh virus infection at a dose of 5 x 10 5 PFU/nostril. 18 The reactivated viruses from pig I were exclusively InFh, as indicated by the clear plaques in the blue plaque ß-galactosidase assay 9 and the viral DNA containing the 800-bp Bam HI-p StuI-NcoI sequence.
These experiments demonstrated that ELß DNA reached and persisted in the trigeminal ganglia of swine that were exposed to the virus intranasally. The amount of PRV DNA harbored by ELß-infected tissue is less than that of comparable InFh-infected tissue, which correlates with the ability of the virus to replicate in the peripheral tissues during the initial infection. Furthermore, dexamethasone was not effective in inducing the reactivation of infectious ELp virus.
As shown previously, the ability of ELß to replicate in tissue culture and in swine is much less than that of the parent InFh virus. 6 The restricted growth characteristics are likely the result of the EPO gene deletion. In the analogous herpes simplex virus (HSV) system, ICPO (a homologue of EPO) has been shown to enhance virus replication during a productive infection and reactivate HSV from an in vitro latency model. 1, 2, 19 The characteristics exhibited by ELß during latency could be the result of poor initial virus replication and/ or subsequent reactivation and could be explained by the EPO gene deletion alone. Although the PRV latency gene is the only gene known to be transcribed during latency, it is not possible to determine what role it played in the current situation. Nonetheless, the accumulation of viral DNA is reduced and the ability of virus to reactivate from latency is compromised in swine intranasally infected with ELß Be-cause ELß is capable of inducing protective immunity in neonatal piglets, 18 the results from this study further demonstrate the potential advantage of deleting the 800-bp Barn HI-p StuI-NcoI fragment in future PRV vaccines. 16. Rock DL, Hagemoser WA, Osorio FA, McAllister HA: 1988, with Contamination of cell culture by mycoplasmas is a common problem in research laboratories. In many instances, this contamination may remain undetected, thus resulting in the misinterpretation of experimental results. Several species of mycoplasmas including Mycoplasma pneumoniae, M. hyorhinis, M. arginini, M. salivarium, M. orale, M. gallisepticum, and Acholeplasma laidawii induce the production of interleukin (IL)-1ß IL-6, and tumor necrosis factor (TNF) by human peripheral blood mononuclear cells in vitro. 15 Inoculation of neonatal lambs with ovine lentivirus (OvLV) has been used to study the pathogenesis of lymphoid interstitial pneumonia (LIP). In this model, lambs inoculated intratracheally with OvLV develop LIP 5-6 months after OvLV challenge. 17 Others have shown that some mycoplasmas can affect lentivirus replication and cytopathic effect in vitro. 18 Late in the course of an experiment to characterize the pathogenesis of ovine progressive pneumonia in neonatal lambs, we found that the virus inocula used for this study were contaminated with a strain of A. laidlawii. 7,8 Ovine progressive pneumonia is a chronic debilitating disease of sheep caused by OvLV and characterized by lesions of LIP, regional lymphadenomegaly, and sometimes nonsuppurative encephalitis, mastitis, and erosive polyarthritis. 4 Mycoplasma infections of sheep are common and lesions such as interstitial pneumonia, regional lymphadenopathy, arthritis, and mastitis have been described 14 and are similar to those reported for OvLV-infected sheep. For this reason and because mycoplasmas are common cell culture contam- inants found in vaccines and other inocula, we examined the pathologic responses of neonatal lambs to experimental inoculation with a strain of A. laidlawii that was isolated as a cell culture contaminant. Five neonatal Suffolk lambs were used in this experiment. Two lambs (90/15, 90/16) were inoculated intratracheally at birth with 1 x 10 9 colony-forming units (CFU) of the strain of A. laidlawii isolated from 1 of the OvLV inocula. Two other lambs (90/17, 90/19) were inoculated in the same way with 1 x 10 10 CFU. A fifth lamb was inoculated with a placebo and used as a control. Newborn lambs were maintained in individual pens in rooms with temperature and air flow controls. Separate rooms were used for lambs inoculated with Acholeplasma and the placebo. Sets of bottles, nipples, and cleaning instruments were also kept separated for each group. Animal caretakers were required to change clothes and rubber boots between rooms.
Clinical examinations were conducted and rectal temperatures were determined once daily after challenge. Febrile sheep were defined as those with rectal temperatures > 104.0 F (40 C). Serum samples collected at weeks 0, 4, 12, and 20 were examined for blood urea nitrogen (BUN) and creatinine concentrations (Colorado State Veterinary Teaching Hospital).
Nasal swabs were obtained from all lambs previous to A. laidlawii inoculation. Synovial fluid from lambs 90/15 and 90/16 were collected 3 weeks postinoculation. Kidney and lungs from all lambs and caudal mediastinal lymph node from lamb 90/19 were collected at necropsy. All samples were tested for the presence of mycoplasmas using modified Friis broth and agar, Hayflicks broth with fetal calf serum (pH 7.5), Hayflicks broth with fetal calf serum (6.5), and SP-4 medium with fetal calf serum. 16 In addition, tissue homogenates were prepared in hypotonic solution to retrieve intracellular mycoplasmas. Impression smears from freshly cut surfaces from each sample were stained with 4',6-diamidino-2-phenylindole (DAPI), a a double-stranded (ds) DNAintercalating fluorochrome dye, to detect cytoplasmic ds-DNA. Samples positive for cytoplasmic dsDNA were subsequently stained by indirect immunofluorescence using a
